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AUTHORS: Kazanskiy, V-. B., Pariskiy, G- B. and Voyevodskiy, V. V- 


DITLE: An EPR study of the properties of hydrogen atoms and of 
defects formed on the irradiation of silica gel 


SOURCE: Trudy II Vsesoyuznogo. soveshchaniya po radiatsionnoy khi- 
mii. Ed. by Lb. 5. Polak. Hoscow, Izd-vo AN SSOR, 1962, 
656-659 : 


pext: Silica gel was investigated because of its special adsorp- 
tion and catalytic properties. The gel had a specific surface area 
of 200 m2/g and contained less than 0.1% Fe and Al impuritics. It 


was irradiated with col? 9 rays, in vacuum, at ~196°C and at room 

temperature, with doses of 5 - 10 megurads. After irradiation at 

~196°C the b’R spectrum (recorded at the same temperature) indi- 

eated the presence of radiation defects and free hydrogen atoms, 

the latter being foriued by radiolysis of the ‘surfuce UH groups; 

the H-atom concentration increased with the temperature 7200 - \ 
_ 500°C) to which the gel was neated before irradiation. On vacuum 
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heating to ~150 and -12u0% after irradiation, hydrogen atoms re- 
combined slowly into molecules, the recombination being hindered 
by the location of atoms in deep pores or microcricks in the gel 
surface. Hexting to -150 and -~120 C in ethylene and oxygen removed 
the free hydrogen atoms by chemical reactions as well us by recom- 
bination. Vacuuin heating to 200 - 300°C for 8 hours, followed by 
vacuum irradiation at room temperature, gave a quintuplet PR 
Spectrum with a g-factor identical with that of pnenyl picryl hy- 
drazyl. The hyperfine Structure of the spectrux --as duc to the in- 
teraction between an unpaired electron of a radical and .rotons of 
four OH surface groups. Vacuum heating of silica gel to 500°C foi- 
loved by rvon-tem,erature irradiation in vacuum, generated volume 
defects similar to P-centerg and consisting of clectrons ca utured 
by oxygen vacancies, Acknowledgnunts are made to Correswonding 
Nember of the academy of Sciences of the USSR, G. K. Boreskov, and 
to Yu. A. Nishchenko of the Piziko-khimicheskiy institut im. L. Ya. 
aurpova (Ph,;sico-~Chemical Institute im. L. ya. Kiryov). There ure 
53 figures. 

ASSOCIATION: Institut khimichesxoy fiziki AN SJSK (Institute o 
Card 2/2 Chemical Physics, AS USSR) 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001239230001-0'" 


"APPROVED FOR RELEASE: 06/15/2000 


Seen ees paete: 


CIA-RDP86-00513R001239230001-0 


PRE Heeceeea aeeroed 


161412-65 EWT(d)/EwP(n)/EWP(1) 
ACCESSION NR2 AP5O19108 UR/0236/65/000/012/0134,/0135 | 
‘gs yy gs” y so OF 


wy 50 “ys WY § 
AUTHORS} ,Afonin, A. No.3 Yershova, G. I.3 Ivanovekiy, Ke Jeo; Ioffe, FP. Se} 
Komashenko. A. Kh.3 Kon' kova7ti-F.; Lipovetski¥/ Vo%.3 Hel! i 


OV, V, Voy — 
2.3 Neverovich,“ASH.3- Paris -A.3 Presuras 
Rikmanj’M.” i. Semenov,’ B.°i.5 Semenov, V.°H.3 likhanov;7A. 
3 Tagushinskiy, 8. M. 
wy S 


TITLE: Transeiesion device of an overhead thrust conveyor, Claes 61, No. 172231 
SOURCEs Byulleten' isobreteniy 4 tovarnykh znakov, no. 12, 1965, 13-135 ‘ 
TOPIC TAGS: overhead conveyor, transmission, crane (4 

uy < 


ABSTRACT: Thie Author Certificate presente a transmission device of « suspended 
thrust conveyor, The device contains spring=-sipported vanes set in a rotary 
motion by a etar wheel meshing with the drive chain of the conveyor (see Fig. 1 
on the Enclomre). To prevent the possibility of wedging the carriage during its 
transport, the device is provided with a two-arned spring-eupported lever. One of 
the arcs serves as a stopper for the carriage, and the other one (provided with a 
roller) interacts with a circular teaplate fixed on the star wheal, The template 


has for recet the roller which frees the carr from the st 
bah wing » dage fron OPpers 
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AUTHOR; Geguzin, Ya. Ye.; Paritskaya, L._N, — 

ORG: Khar'kov State University (Khar'kovskiy gosudarstvennyy universitet) 
TITLE: Model study of the initial stage of pressure Sintering 

SOURCE: Poroshkovaya metallurgiya, no. 1, 1967, 20-26 


TOPIC TAGS: sintering, model test, surface pressure, powder metal sintering, 
pressure sintering 


ABSTRACT: The kinetics of changes in the area of the particle contact surface 
in pressure sintering have been determined from changes in the specific gravity of 
large sintered spheroidal particles, Details of the mechanism of sintering large 
powder particles are established. The procedure for sintering copper spheroidal 
particles to a copper plate is described. The dependence of the effective viscosity 
on pressure is determined, Orig. art. has: 17 formulas, 5 figures, and 1 table. 
[AM] 
SUB CODE: 11/SUBM DATE: 27May66/ORIG REF: 003/OTH REF: 009/ 
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1. Khar'kovskiy gosudarstvennyy universitet 4 Institut khimli 
Khar'kovskogo gosudarstvennogo universiteta. 
(Metal crystals—Defects) 
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1. Khar'kovekiy ordena Trudovogo Krasnogo Znameni gosuderstvennyy 
universitet im. A.M.Gor'kogo. 
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Effect of the expansion of a localized porous region in & 
crystalline body. Dokl. AN SSSR 141 no.42833-838 D '61.(MIRA 14:11) 


3%, Khar'kovskiy gosuderstvennyy universitet im, A.H. Gor 'kogo. 
Predstavleno akademikem P.A, Rebinderom, 
(Diffusion) (Metal crystals) 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001239230001-0" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001239230001-0 


2h} 
it see 


fee $/020/61/141/003/006/021 
24.7100 Ibo ths E1C4/B125 
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ae 


TITLE: Interactions between vacancies and grain boundaries 
PERIODICAL: Akademiya nauk SSSR. Doklady, v. 141, no. 3, 1961, 603 - 606 


TEXT: When studying the physical properties of polycrystals at high tempera- 
tures where the mobility of atoms and vacancies is very high, the inter- 
action between vacancies and grain boundaries plays an important role. The 
authors investigated the grain boundaries as locations of prevalent con- 
densation of excess vacancies and the formation of macroscopic pores and 
grain boundaries as preferred places for the discharge of excess vacancies 
from the boundaries of the polycrystal. It is assumed that pores located at 
grain boundaries will consist of two semi-pores. The profile of such pores 
is determined by the mutual orientation of grains and by the surface energy. 
The existence of surface energy between grains will change the equilibrium 
conditions along fracture lines of the pore profile, and this will cause 
pores to move along the boundaries (Fig. 1). To estimate the angular change 
of the fracture line of the pore profile, the relation &. «= 26, (cos&® -coscr) 
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is introduced, where 6, denotes the surface energy at the boundary. The 
E 
author finds the relation a* = a= (A - 1n26*), where the point angle of the 
0 


pore is zero, and obtains ~* x20 - 30°. Here, = Gb/4T(1 -v); 
A= 41 - v)B, /ob°, where G denotes the shear modulus, b the Burgers vectoy 


v Poisson's ratio, B, the dislocation energy of a nucleus. This represen- 


k 
tation explains why grain boundaries partly free of pores can be observed in 
metallic polycrystals. The formation of grooves along grain boundaries at 
the crystallization boundary is ascribed to excess vacancies in polycrystals, 
which are due to various causes. The effect of the pores on the formation 
of grooves between grains is attributed to a coalescence process of the 
pores. This assumption is corroborated by various experimental data on the 
bulk distribution of grooves. There are 4 figures and 7 references: 4 
Soviet and 3 non-Soviet. The two references to English-language publication 
read as follows: W. T. Read, W. Shochley, Phys. Rev., 78, no. 3 (1950); 

W. W. Mullins, J. Appl. Phys.. 28, no. 3 (1957). 
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SUBMITTED: June 12, 1961 

Legend to Fig. 1: (a) Diagram of the change of the pore profile under the 


influence of an intermediate-phase surface energy} (») pore located 
symmetrically to the boundary; (c) pore located asymmetrically. 
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AUTHORS: Geguzin, Ya.Ye., Paritskaya, L.N. 


TITLE: on the diffusion coalescence of pores in crystalline 
bodies with a boundary network 
1962, 20-25 


TEXT: Coalescence of pores was studied in polycrystals of 
electrolytic copper and of cast copper after first subjecting the 
hatter to 100 cycles of heat treatment, quenching from 650°C in 

gold water. Specimens of porous copper (10 x 6 x 2 mm>) were 
unnealed in a vacuo at 900, 1000 and 1050°C for various periods 

up to 27 hours. Then, the size distribution of pores was studied 
metallographically in arbitrary cross-sections of the specimens. 

For this purpose after each annealing treatment a layer of about / 


9.5 mm thick was mechanically removed from the surface of the = 


specimen; according to control experiments the layer removal 


has no distorting effect on 


PERIODICAL: Poroshkovaya metallurgiya, no.5 ’ 


the distribution of pores. The effect 


of grain boundaries on coalescence of pores was studied by 
determining the time-dependence of the average size of pores both 
in the interior of the grains and at the grain boundaries. These 
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experiments were conducted on specimens given a preliminary 
Stabilizing treatment as a result of which the total length of the 
grain boundaries remained practically constant during the 
experiments, The average size and the rate of growth of pores 

at the grain boundaries were somewhat greater than those of pores 
inside the grain boundaries, In addition, the time-dependence of 
the total length of the grain boundaries in unstabilized specimens 
was also determined, It is shown that at an early stage of 
annealing there is interaction between the boundaries and the pores; 
the stage of detachment of the boundaries from the pores is 
followed by a stage of transfer of a part of the pores to the 
boundaries which in time become stable. The experimentally 
observed coalescence of pores in its advanced stage can be 
described by the panetse law_previously established for single 
crystals; R t!/3 (where R- mean pore size, t - time). 

In regions rich in pores, coalescence may not be accompanied by 
sintering - a decrease of the total volume of pores, taking place 
with the aid of the diffusion mechanism, There are 7 figures, 
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State University imeni A.M. Gor 'kiy) 


SUBMITTED: February 5, 1962 
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observed through the interface between porous and nonporous zone, 


-Soy_ p 20 
is given by j¥ -D, ; Pe? KD 


sion, - volume of an atom, De 


vacancies and atoms, respectively, = - mean radius of the pores). 
pores are formed on the vacancies aiffused and, 
shift of the interface into the compact zone. 
aiffusion effects which occur at the interface of two 
variety of the partial diffusion 

(Kirkendall effect, Frenkel' effect). 
ments were carried out to verify the theoretical results: 
initial porosity of 15% were 
annealed and, 
they were molded in small copper 


equals 4 
aiffers from the 
different metals as 4 result of the 
cvefficients 


samples of an 
(grain size~50n). They 
sintering took place. 


were 
Subsequently , 


tubes with the press plunger also consisting of copper, and 
was entirely surrounded by nonporous netal. 
t at two different temperatures 


copper cylinder 


samples were subjected to heat treatmen 
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and different holding times and, finally, the radial distributions of 
pores were examined metallographically. It became obvious that the 

pores primarily diffused into the nonporous metal along the grain 
boundaries, and that chains of pores were formed. After 50 hr holding at 
1060°C, the copper jacket became completely porous. There are 4 figures 
and 8 references: 6 Soviet and 2 non-Soviet. The two references to 
Englieh-language publications read as follows: R. Resnik, L. Seigle, 

J. of Met. 9, No. 1 (1957); A. Smigelskas, E. Kirkendall, Trans. AINE, 

T, P. 2071 (1946). 


ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet im. A. M. Gort 
kogo (Khar'kev State University imeni A.M. Gor'kiy) 


PRESENTED: June 20, 1961, by P. A. Rebinder, Academician 


SUBMITTED: June 16, 1961 
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AUTHORS: Geguzin, Ya. Ye. and Paritskayas LN. 


TITLE: Recrystallization in polycrystals with macroscopic 
pores 


PERIODICAL: Fizika metallov i metallovedeniye, v.12, no.6, 1961, 
900-907 


TEXT: The influence of pores on recrystallization is of 
practical interest since components made by powder-metallur gical 
means often contain pores. Pores can also form during the 

process of creep of metals and alloys. The retarding influence 

of pores on the movement of grain boundaries is first discussed re 
from a theoretical point of view. Results are then given of 
experiments carried out on porous brass from which the zinc had 
been partially removed at a high temperature, and on polycrystallin 
copper in which pores had been introduced by thermal cycling. 

The retardation of grain boundary movement by pores during 
recrystallization is shown by microphotographs of o-brass. The 
pores prevent the movement of the grain boundary in their immediate 
vicinity causing the grain boundary to become bent. The 
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AUTHCRS; Geguzin, Ya.Ye., Ovcharenko, N.N., Paritskaya, L.N, 


TITLE: Investigation of certein processes taking place on the 
surface of crystalline substances at elevated 
temperatures. VIII, Cunzserming the character of 
levelling up of s:rat:hes on distorted surfaces of 
polycrystalline copper 


PERIODICAL: Fizika metallov i metallovedeniye, 1961, Vol.12, No.1, 
pp.42-46 + 2 plates 


TEXT: The results of an earlier investigation carried out by the 
present authors (Ref,1: FMM, 1960, 9, No.4, 569; DAN SSSR, 1960, 
130, No.3, 537), showed that the process of levelling up of a 
scratch on a flat surface of a poly:rystalline specimen is affected ~~ 
by its structural state, Thus, a stratch on the surface of a 
Speciinen that had undergone prolonged praiiminary annealing did not 
disapjear upon subsequent hoiding at elevated temperatures but only 
changed its profile in accordan:e with the orlentation of the grains 
relative to the polished surfa.js, On the ather hand, a scratch on 
the surface of a preliminarily deformed specimen levelled up at a 
rate which increased with increasing degree of preliminary 
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deformation, The object of the present investigation was to 

Obtain additional data which would help tn formulating an 
explanation of these effects. To this end the change of the profile 
of scratches on the surface of both electrolytically deposited and 
cast, prolycrystalline copper was studied, The scratches were made 
with the aid of a diamond pyramid indenter with an angle of 136° 
between opposite faces, The tests were carried out in hydrogen, on 
specimens wrapped up in vopper fotl to minimize the effect of 
volatilization, An interferometer was used to keep track of the 
changes in the profile of the Siratiches, In the first series of 
exper:iments specimens of “Opper electrodeposited at a current 
densixy of 0.5 and 10 amp/im2, and a <aat -oppe’ specimen (turned, 
sround and polished) were studied, Upon holdir =t 950°C, 
Hcratches of all theae three specimens levelled .;7, The rates of 
Levelling of scratches on copper electrodeposited at 10 amp/dm2 

end on the cast specimen with the surface deformed by mechining, 
were ebout the same and faster than that of the scratch made on 
copper, electrodeposited at 0,5 amp/dm2, In the second series of 
experiments, similar Specimens were used which, however, had been 
given a four-hour anneal at 950°C before inscribing the scratches, 
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The preliminary annealing siowed down the rate of levelling up of 
Scratches during subsequent heating for all three specimens, The 
rate of self-healing of the scratch on copper electrodeposited at 

10 amp/dm? remained faster than that for copper deposited at the 
lower current density. Since the density of electrodeposited 
metal decreases (in the case of thin deposits) with the distance 
from the first deposited layer, the object of the next series of 
experiments was to study the behaviour of scratches inscribed on the 
surface of copper electrodeposited to a thickness of 0.5, 1, 

3» on annealed, copper atrip sathodes. It was found that the 


thicker the deposit the faster was the rate at which the scratch 
levelled up on subsequent heating. Finally, it was found that 
(other factors being equal) the rate of levelling up of scratches 
inscribed on electrodeposited copper depended on the direction of 
the scratch relative to during 
electrodeposition, 

the effect of struct 


assumed that side by 


subsurface diffusion takes place ina 
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layer which is considerably thicker than the interatomic distance of 
the metal, The fact that the profile of the scratch remained 
smooth during the levelling up process in all the cases studied was 
attributed to small degree of anisotropy of the coefficient of 
surface tension of copper, and to the presence of misoriented 
elements of a dispersed structure in the surface layer, The 
results of the present investigation are in agreement with those 
obtained since by J.M.Blakely and H.Mykura (Ref.7: Acta met., 1961, 
9, No.1, 23). There are 9 figures and 7 references: 5 Soviet and 
2 non-Soviet, The two references to English language publications 
read as follows: Moore A.J.W.. Acta met, 1958, 6, No.4, 293; 
Blakely J.M. and Mykura H, Acta met., 1961, 9, No.1, 23. 


ASSOCIATION: Institut khimii KhGU Khar 'kovskiy gosuniversitet 
(Institute of Chemistry, KGU Khar'kov State University) 


SUBMITTED: October 3, 1960 
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AUTHORS: Geguzin, Ya.Ye., Paritskaya, L.N. 
Se 


TITLE: Inter-grain channels on the surface of a polycrystal 
with macroscopic defects in the structure (in porous 
bodies) 


PERIODICAL: Fizika metallov i metallovedeniye, v.13, no.4, 1962, 
591-598 


TEXT: In defective-structure bodies the effects leading to 
normal formation at high temperatures of channels along grain 
boundaries can be intensified. With porous bodies the process 
can be complicated by the diffusion of vacancies from pores to the 
specimen surface along the grain boundaries. Modern views are 
that boundaries play a very important part in the compacting of 
porous bodies and suggest that sintering is accompanied by 
intensive development of inter-grain channels, This effect of 
pores can also be considered as being a pore-coalescence effect, 
The object of the present work was to check the correctness of 
these views and to confirm them qualitatively, thereby obtaining 
additional information on the peculiarities of diffusion processes 
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in bodies with macroscopic defects (particularly in powder 
compacts), The interferometric method was used to study 
qualitatively the kinetics of inter-granular channel 

development on copper specimens with various pore-type defects, 
Specimens wrapped in copper foil were annealed in hydrogen at 
800°C. For an evaluation of the kinetics the authors extend the 
treatment of W.W.Mullins (J. Appl. Phys., v.28, no.3, 1957) to 
porous bodies, taking into account the additional diffusion of 
vacancies from pores. They show that the effective diffusion 
coefficient for the process is 20 to 30 times greater than the 
coefficient of surface diffusion: this is in line with other 
observations, such as the disappearance of surface scratches. 
Sintering can be explained in terms of surface channel development 
(through the arrival of vacancies) and disappearance. There are 
7 figures, 


ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet 
Institut khimii KhGU (Khar'kov State University 
Chemistry Institute KhGU) 

SUBMITTED: July 17, 1961 
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AUTHOR: aritskaya, V. P, 


TITLE: The Multi-Purpose Double-Column 2460 Jig-Boring Machine 
PERIODICAL: Byulleten' tekhniko-ekonomicheskoy informatsii, 1960, No, 8, pp.21-23 


TEXT: To inerease the technological possibilities of the 2B440 (2VU40) ana 
2450M single-spindle Jig-boring machines, the Moskovskiy zavod koordinatnu-rassoun- 
nykh stankov (Moscow Jig-Boring Machine Plant) in 1959 brought out the 2460 double- 
colum jig-boring machine. It has been devised for the machining of holes in Jigs, 
fixtures and various parts where a high precision of the relative position of these 
holes is imperative, Besides drilling and boring, precision milling operations, 
facing, checking of linear dimensions can be carried out on. the machine. The 
machine is equipped with two boring spindles. The coordinates on the machine are 
read off with the aid of a projection (sereen) optical system, Three glass rulers 
with millimeter graduation are used as scales, The largest glass ruler for the 
longitudinal table motion is 1,400 mm long. The whole coordinate dimensions, 
including the integers and fractions, are projected and read off on the raster 
network of the screen with a magnification of 130 diameters, Thus the operator is 
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freed from the manipulation of reading the dimensions in three places as it is the 
ease with optical machines with ocular optics (the 2450M machine) or machines with 
Screens and metallic rulers (the Swiss make SIPO), The high-precision, instrumenta- 
tion makes it possible to use the 2460 Jjig-borer as a measuring machine, The read- 
ing on the screen is effected with an accuracy of up to 0,001 mm in three mutually 
perpendicular directions. The use of the glass scales and raster screens produces 
the prerequisites for a program-controlled operation of the 2460 machine, Based on 
the model 2460 the program-controlled 2460P model was designed, The coordinate 
displacements in three mutually perpendicular directions are effected by three 
independent electric drives with a wide regulation range; the drives are operated 
through a gear box from two-speed asynchronous 2-kw electric motors, ensuring 13 
different numbers of revolution of the spindle. The Jig-boring machine is equipped 
with a switch-off device, stopping the automatic feed of the boring spindle at a 
given depth. The cross-beam lift has been carried out with'the aid of screws with 
ball nuts which made it possible to eliminate the cross beam balance by weights 

and thus reduce the weight of the machine considerably, Each of the three travel- 
ing units of the machine has a device for preliminary coordinate setting which 
makes it possible to select the following set of coordinates during operation, 

This device increases the efficiency of the machine by 15-20%. The multi-purpose 
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swivel. table of the machine ensures the machining of slanting holes and holes the 
dimensions of which are given in the polar coordinate system, The controle of the 
machine are centralized on a suspension panel. The author presents the following 
technical characteristics: working surface of the table (width x length) - 1,000 

x 1,600 mm; distance between columns (clearance) - 1,400 mm; maximum drilling 
diameter in steel - 40 mm; maximum boring diameter - 250 mm; maximum weight of 
workpiece being machined - 1,500 kg; overall dimensions - (length) 3,555 x (width) 
2,910 x (height) -3,365 mm; weight (without packing) - 16.5 tons. [Translator's 

note: . in the article a weight of 16.5 kg is given, which is obviously a misprint] . 
The author points out that jig-boring machines equal in dimensions to the model of 


2460 are at present not produced by other Soviet plants, There is 1] figure, 


— 
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AUTHOR: Paritskiy, L. G. 
ap es 


TITLE; Particularities of impurity Photoconductivity in the 
presence of several types of ‘ocal levels in the forbidden 
band of a semiconductor 


PERIODICAL: = Fizika tverdogo tela, v. 4, no. 2, 1962, 470-477 


TEXT: Processes of generation, capture, and adhesion of carriers in the 
case of monopolar impurity photoconductivity and in the presence of local 
levels have been studied. Fora sample with two levels, one obtains 
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Anz gm! 
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where An is the variation in electron concentration, Q, is the 
cross section for the capture of an electron on a level of the type k, and 
Dox is the equilibrium concentrations of electrons on the k-type level; 


wk) = Ngexp(- AE, /kT), is the density of states in the conduction band of 
the levels of k-type draps, No is the effective level density in the 


As 


ccncuct.on band, AE, is the level energy, a, ia the total equilibriun 


Corncent-ation of electrons, Pais is the equilibrium concentration of holeg 


end a, ie the photon capture cross section of an electron. It follows fran 


Liq: (7) that the levels affect one another. 4A redistribution of Ng between 
the levels occurs, whereby the intensities of release and trapping on each 
Level ure changed. The lux-ampere characteristics exhibits a stepyise 
course. If q = 0 (k # j) the k-type level is an adhesion level for 


electrons, Supposing all the levels, except the levels of type J, are 
adhesion levels, the steady-state photoconductivity Can be expressed by 
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or aa 

; 3 (41) 
* + (7) 4- Ve . ; 
4 \q,! 1, (Non ny)| rant Nill, 4 "0 

abs 

With Go = oO and slight equilibrius are the gteaay-state photoconduc tN” 
ity decreases with jnereasiné 16/95, , owing to the transition of electrons 
from the emitting jevels to the adhesion level. If dy 4g much greater than 
a,» ® »¢lashup” of the relaxation curve will occur with jncreasing light 


L 

gntensity (Fig- 6)- pither aadition of the aecreasing exponential func- 

tions with aifferent 4ime constants and amplitudes or a change n sign of 
t 


a and the second jevel if 4 js small. Tllumina- Xx 
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from the conduction pand. As & result, their concentration decreases 
until the electrons are liberated from the second level and equilibrium 
is reestablished. Kalashnikov (ZnTF » 26, 241» 1956) is 
referred t0- s. He ra discussion. Phere are 
rences: 10 Soviet and 2 non-Soviet- The two refer- 

1 publications read as follows: H- Y. Fan, Phys. 
Reves 922 6, 19533 I+ R- Haynes, I- A- Hornback, Phys- Reve, 91> 2» 19553 
jbpid., 100, 42, 1955- ; 


ASSOCTAT ION: piziko-tekhnicheskiy institut im. A. F. Ioffe AN SSSR, 
Leningrad (Physicotechnical Inetitute jmeni Ae F- Joffe, 


AS USSR, Leningrad ) 


SUBMITTED: March 31» 1961 (initially)>» September 25, 1961 (after 
revision 


Fig. 6. “Plashup” of impurity conductivity at aifferent Light intensities. 
Legend: abscissa: t, relative units; ordinate: An, relative units; 
An,” Notat = static concentration of electrons in the conduction pand. 
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|ACCESSION NR: AP028))36 ‘ $/0181/64,/906/00,/1096/1099 
'AUTHOR: Paritskiyy, Le ‘Ge ! 


(TITLE: Dependence of steady impurity photoconductivity and lifetime on the Fermi 
lJevel in a semiconductor 


‘SOURCE: Fizika tverdogo tela, v. 6, no. h, 1964, 1095-1099 
|roPrc TAGS: impurity photoconductivity, Fermi level, semiconductor property, Rage 
carrier concentration, forbidden band : ; Se >, 
fis Sey 
ABSTRACT: For impurity photoconductivity (in contrast to intrinsic photoconductiv- | 
ity), the generation of carriers, as well as recombination, depands on uniform. 
filling of local levels in the forbidden zone. The author has computed the depend- 
ence of steady nonequilibrium concentration of current carriers, the dependence of | __ 
carrier lifetime, and the dependence of rate of carrier generation on the Fermi 
level in samples having unipolar impurity photoconductivity with a single type of 
impurity center. The dependence exhibits three segments, the character cf genera- |__ 
jtion and recombinatien differing for each. At first, as concentration increases, 
ee oe 7 aa levels begin to fill and the generation rate declines, becoming ~ | 
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wn but the lifetime increases at the same time because of diminution in 

‘concentration in the unfilled levels. At the beginning of the second segment, the 

‘levels may be considered half filled, corresponding to the. condition when the Fermi 

‘level coincides with the level of emitting centers in the forbidden band. Increase 

lin concentration takes place because of increase in lifetime. In the third 

‘segment, further increase in concentration leads to decline in concentration change 

iand in lifetime. This follows from a change in character of recombination with a 

‘constant intensity of carrier generation. It appears that an increase in concen- 

[tration of impurity centers leads to an increase in sensitivity, while the time lag 

_ lof impurity photoconductivity declines simultaneously. "The author expresses his 

i ‘Shanks to S. M. Rywkin for his valuable suggestions and his interest in the work." 
‘\Orige art. has: 2 figures and 12 formulas. 
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the Lifetime of the Minority Carriers 


of e high injection level. This is done on the model of & semiconductor 

in whose forbidden band there exist two types of local levels with sharply 
differing properties (Fig. 1): the 5 levels are assumed to be traps for the 
minority electrons from the conduction band and the holes from the valency 
band, i.e2, they are recombinaticn centers for the light~produced minority 
charges. The i levels are, due to electron exchange, connected with the 
conduction band (the electron exchange with the valency pand is forbidden) , 
and therefore they are adhesicn levels for the electrons. It is shom that 
the electron and hole concentrations in the S centers are closely related 
to the electron and hole concentrations in the bands. Ee Ge» if the elec- 
tron concentration in the conduction band is changed anyhow, the electron 
lifetime t, = 1/1 Ps in this band is decreased, and the hole lifetime 


t= 1/795 in the valency band grows. This 4s the sense in which the 
introduction of adhesion levels actS. (1, and Tp are the trapping factors. 
ny and Pa the electron and hole concentrations in the 5 cent ers; ne ee as 


= §, the concentration of the recombination centers). In the following 
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sections of the paper the authore first examine in a general way the 
influence exerted by e case of a high injection 
level at a low concen ination centers, and then the 
same is done for & semiconductor with two types of injection levels. 

In this semiconductor the forbidden band contains, besides the recombina~ 
tion centers S and the adhesion levele M for the electrons, adhesion 
levels L for the holes from the valency band (Pig. 7). Section 4 again 
treats, for a semiconductor with one adhesion level in the forbidden 14 
pand, the case of a high injection level, but at a high concentration of 
the recombination centers S. Finally, section 5 deals with the case of a 
low injection level at an arbitrary concentration of the recombination 
centers. Here, the Fermi quasi-levels of electrons and holes practically 
coincide, and the traps may be classified into adhesion levels and reocon- 
bination centers only on the basis of the various trapping cross sections. 
(5.9) and (5.10) are firet generally derived for % and t,; for M = 0 
they go over to (5.11). The latter formulas are thei further treated for 
the special cases of an n-type and @ p-type semiconductor.» 
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TITLE: 


Fizika tverdogo tela, ve 4, nO- 6, 1962, 1578 - 1588 


° PERIODICAL: 
described here for the investigation of 


. TEXT: In the new method 
- pelaxation processes in semiconductors, the sample is jrradiated with a 
a probing pulse of long-wave light (Fig- 16) slong with a sufficiently | 
-jong square light pulse (Fig 4a) that excites the relaxation process 
under investigation. The wavelength of the probing pulse is 5° chosen 
that the levels under consideration ere jonized. In this case, the 

signal on the oscilloscope screen has 8 definite form (Fig. 18). The 
~-goncentrations of free and bound carriers can be determined from the 

slope of the curve on :thecécreen: and from ite peskyproduced by the .prob- 
. ing pulse. The sample can be 4rradiated with a series of probing pulses 
* g@uring the 4nterval of 6 single squere pulse (Fig. 2) » and this enables 
the concentrations to be determined. The light from the | 
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.! Study of "nonlinear" processes Of+e- 


| filling of adhesion levels). The effect of a high filling degree of 

“! sGhesion levels upon the existence of a nonlinearly ascending section in 

+ {the photoconductivity curve js examined in Chapter 1 of the present paper 

- on the basis of the band scheme (Fig. 1). The forbidden band contains the 
‘ recombination centers S, to which the fact is to be ascribed that the 
electron lifetime a in the conduction band is large compared with the hole 


lifetime tw in the valence band, so that photoconduction is ‘purely n-type. 


the forbidden band includes adhesion levels of concentration Ms 
hould be possible. The photoelectron 
band grows in the j{nitial stage of 


+ In additicn, 
* multiple adhesion on them § 
- eoncentration (n) in the conduction 
“ " pelaxation (t<t) following the law 
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where B denotes the quantum yield of the inner photoelectric effect, k is 
the light absorption coefficient, J is the light intensity, is the 
trapping factor of electrons from the c-band onto the M ee 

0 = 1/p (MN oa) s Nou © Nexp(-ABy/k), N. je the effective state density 


in the c-vand, AE, the energy of M levels, calculated from the bottom of 
the conduction band; 0 € (M+) /pkd- Fig. 2 shows n(t) in case of 


“nonlinear” filling of the udhesion levels. The greater the light intensity, 


the smoother will be the course of the n(t) curves, i, e., the larger the 
first linear sections, the farther they will be shifted to the right. 
Chapter 2 deals with the effect of adhesion levels upon the general 
character of the relaxation curves cof vhotoconductivity. This is done for 
the case of i = const and in the presence of an intense multiple adhesion. 


tn 3-shaped ascent of photoconductivity can he observed in this case. An 
experimental study was meje of the photoconductivity curves on CdS single 
erystels that were strongly alloyed with silver; the experimental 
arrangement shown in Fig. 6 was used for the purpose. Square light pulses 
were used (front 2 sec) that were produced by means of a disk M rotating 
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TEXT: The paper by R. Williams and R. Bube 
gives a series of proofs for the existence o 
effect taking place from a metal into a semi 
sisting of a Cu-coated low-resistance CdS crystal. Earlier measurements 
made by the author showed a low inertia in such photocells. The studies of 
the kinetics of the photocells are similar to those of photocells with n-p 
Junctions which were dealt with in Ref. 3 (S. M. Ryvkin, ZhTF, XXVII,86, 
1676, 1957) and Ref. 4 (S. Mm. Ryvkin, N. B. Strokan, L. L. Makovskiy, 
9, 1958) for, actually, a metal connected with an n-type 
semiconductor replaces a p-type semiconductor. In this case those electrons 
which have absorbed a photon and whose energy exceeds the barrier height 
play the part of the unbalanced minority carriers in the metal. On the same 
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Kinetics of photocells with an "external" photoelectric 
effect from a metal into a semiconductor 


Fizika tverdogo tela, v. 3, no. 5, 1961, 1613-1616 


f an "external" photoelectric 
conductor in photocells con- 
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conditicns as in Ref. 3 a value of 107 |? ae6 was obtained for the time in 
which a Photoelectron passes the region of Space charge. In the following, 
the authors demonstrate that the relaxation time of a photocell T, depends 


on the charging resistance in the following way: with Ry > Rey (ER, = charg- 
ing resistance, Roy = external differential resistance of a Photocell) 

T) is independent of Ry and equal to Roye (C = capacitance between the 
layer of space charge and support); with small Ry and if Rat Rony (R,, = 
resistance of the Semiconductor )T, depends linearly on Rue Photocells 


Cu ~ CdS with a resistivity cds being ~1 ohm.om were measured. The (y- 
layer was electrolytically applied from a Cu,s0, solution by N. FP, Prikot, 


student of the LGU (Leningrad State University).¢, waa measured by the meth 


od of phase compensation of light which was sinusoidally modulated by a 
frequency of 1 Mc, 240 and 260 were obtained for the Capacitance of the 
Space charge. The capacitance of the Support was 60 pf. 1 kohm and 440 
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TITLE: Investigation of the Kinetics of Infrared Impurity Photo- 


conduction in cas Induced by Previous Tilumination 
Ve 8 
PERIODICAL: Figike tverdogo tele, 1960, yYol. 2, Ho- 6, pP- 14160-1168 


TEXT: The fact is already known that photoconductivity may ve produced 
in cas single crystals at low temperatures (77°K) by infrared light of 
wavelengths up to 6 p. The authors investigated the kinetics of this 
conduction in crystals into which impurities were not purposely introduc- 
ed. In this connection it is assumed that the photoconductivity of Cds 

jie caused by the fact that the light transfers electrone from a-type 
adhesion levels into the conduction pand; the adhesion levels are 

assumed to pe filled up with electrons, which is & consequence of 


acquire knowledge of the a4nteraction petween light and adhesion levels 
and to estimate the main parameters of the adhesion levels. The results 
obtained by experimental investigation of the induced impurity Xx 
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Impurity Photoconduction in CdS Induced by B006/B056 
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photoconduction in CdS are discussed in part 1. All investigations were 
carried out ast 77°K on CdS single crystals onto which indium contacts 
were sputtered in vacuo. Above all, the spectral distribution of photo- 
conductivity and the time-dependence of the photocurrent were investi- 
gated. Fig. 1 shows the spectral photocurrent distribution, recorded 
under various conditions; without previous illumination (Curve 1) with 
previous irradiation by green light, by leaving the sample in the dark 
for a longer period of time (Curve 2 - photoconductivity is found 
beginning at 3.5 ), and under simultaneous constant irradiation with 
white light (Curve 3 - which produces exactly the same effect). In the 
latter case, distinct photocurrent extinction with a maximum at 0.9, 
could be observed. Further, the time dependence of infrared photo- 
conductivity after previous illumination with green light of various 
intensities was investigated. Between the previous illumination and the 
beginning of infrared irradiation the sample was left in the dark for 
40-60 minutes. The results are shown in Fig. 2. The photocurrent re- 
laxation at the beginning of infrared irradiation wees found to depend 
upon previous illumination (Curve a - high intensity, curve b - low 
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intensity). In part 2 of this paper, these experimental results are 
analyzed on the basis of a model with one adhesion level, and the infra- 
red photoconductivity kinetics is calculated for the case of a 80-called 
"quasi-steady" excited state of the crystal. Fig. 3 shows the scheme of 
electronic transitions upon which the enalysis is based. In part 3, the 
results obtained by experimental investigation of the k 

red photoconductivity in a quasi 

perameters of the adhesion level 


growth and drop times as well as 
Figs. 4 and 5. Several particular 
relaxation in the unsteady state a 
gations in this field are to follow. 
produced by 0. A. Matveyev and L. Vy. 
11 references: 4 Soviet, 4 American, 
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TITLE: Investigation of the kinetics of impurity photoconductivity 
for the purpose of determining the parameters of local 


levels 
PERIODICAL: Fizika tverdogo tela, v. 3, no. 1, 1961, 252-266 
TEXT: An investigation of impurity photoconductivity is not only of 


interest in principle, but is also of practical importance for studying 
the local electron states in the forbidden band and especially of its ye 


interaction with exciting radiation. Apart from an earlier paper by the 

authors, relaxation processes of impurity photoconductivity have hitherto 
, not been investigated in detail; this was, however, the aim of the present 
voluminous paper. The authors set themselves the task of investigating 
theoretically the most important cases of photocurrent relaxation during 
excitation in the impurity region. The rules governing the kinetics of 
impurity photoconductivity have certain peculiar features as is shown 
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here, due to which impurity photoconductivity relaxation differs 
essentially from that cf intrinsic photoconductivity, An exact analysis 


of these rules shows that an experimental investigation of the kinetics t 

of impurity photoconductivity may serve the purpose of determining : 
various parameters of impurity centers as, e.g., the photon capture cross x 
section, the trapping cross section for free carriers, as well as the 


energy position of the impurity level in the forbidden band, the 
concentration of centers and the degree of their completion. In part 1 : 
of this paper, the most important rules of the kinetics of impurity , 
photosonductivity in the excitation of carriers for one type of local 

centers are dealt with. This is done on the basis of an example of a 
semiconductor, in whose forbidden band there is a sort of local level 

with concentration M3; these levels are assumed to be in the upper half of 

the band, so that they are in heat exchange with the conduction band. 
This semiconductor is irradiated with monochromatic light of such a 
wavelength that only electrons pass from the local levels onto the 
conduction band, and that monopolar impurity hotoconductivity occurs. 
The equation of motion (13) dAn/dt = (m,- Anvas - 7An(N,tu-m +n + An) 
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AUTHORS: 


TITLE: The Influence of Adhesion Levels on the Relaxation of Photo- 
conductivity ,in CdS Single Crystals 


PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, Now 3, pre 547-557 


TEXT: The aim of the present paper was to investigate experimentally the 
initial stages of the increase of photoconductivity in CdS single crystals 
during some ten microseconds. AS has been demonstrated by V. Ye. 
Lashkarev et al. in several papers, the characteristic features of photo- 
conductivity in these crystals may be explained by the complex two-stage 
character of electron excitation in the conduction band. Here, the 
quantum yield depends on the excitation level. Other authors explained 
these characteristic features of photoconductivity by the complex 
character of recombination processes, which leads to a change in life- 
time. Here, the quantum yield is constant and equal to unity. Hence, an 
explanation of the actual mechanism of the photoeffect in CdS can be 
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obtained by investigating the "true" quantum yield of the photocurrent in 
CdS as dependent on the excitation level. The initial stages of the 
increase of the photocurrent were examined by means of an instrument 
schematically represented in Fig. 1. The instrument and the measuring 
technique are described. Fig. 2 shows the shape of the photocurrent curves 
during the first 50 msec for various irradiation intensities. The higher 
the intensity, the steeper the rise of the curves and the higher the 
relative yield. Fig. 3 shows a typical oscillogram for one of the samples. 
Fig. 4 shows the growth of a curve with a pulse duration of 10 psec. It 
indicates that the steep rise takes place during the first microseconds. 
Hence, rapid processes proceed at the first stages of formation of the 
photocurrent. The results obtained in the experiments concerning the 
characteristic features of photocurrent relaxation can be explained in 
the simplest way by assuming the capture of carriers by a-type adhesion 
levels. Since the lifetime of the conduction electrons with respect to 
their adhesion levels is much shorter than with respect to their 
recombination, the adhesion levels are first filled up within e very xX 
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short time, and only then the slow establishment of recombination equi- 
librium starts. This is theoretically investigated in the following. 
Fig. 5 shows the dependence of the concentration of free electrons on 
t/On3y for different adhesion level densities. The higher the level 
density, the flatter the rise of n. In the following, the influence 
exercised by constant exposure on the first stages of the increase of 
photoconductivity is investigated. The existence of rapid capturing 
processes influences the change of photoconductivity in time and, 
especially, the phenomenological yield and the effective lifetime of 
non-equilibrium carriers. Also the character of the dependence of these 
quantities on constant irradiation and its intensity is considerably 
influenced by these processes. Hence, the characteristic features of 
photoconductivity of CdS are rather to be connected with the complex 
character of recombination processes than with the excitation process. 
In an appendix, the influence exercised by constant exposure on the 
relaxation of monopolar photoconductivity in the presence of a) a-type 
and b) P-type adhesion levels is investigated. A. B. Berezin, 0. A. W 
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Matveyev, L. V. Maslova, and G. A. Fedorus are mentioned. There are 12 
figures and 17 references: 8 Soviet, 6 US, and 2 German. 


ASSOCIATION: Fiziko-tekhnicheskiy institut AN SSSR Leningrad Institute 
of Physics and Technology of the AS USSR, Leningrad 


SUBMITTED : June 14, 1959 
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TITLE: Photoelectric properties of silicon with copper, molybdenum, and 
platinum impurities ~37 a? ae | 
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SOURCE: Fizika tverdogo tela, v. 8, no. 9, 1966, 2549-2557 

silicon semiconductor, photoelectric property, 
semiconductor impurity, photoconductivity, 

n capture, photon capture, impurity center, 


TOPIC TAGS: semiconductor, 
_ | silicon semiconductor impurity, 
<1 pelaxation, carrier capture, electro 
| excitation 

‘| ABSTRACT: An investigation is made of the spectra and kinetics of impurity 

otoconductivity of silicon doped with copper, molybdenum, and platinum. The 

effective cross-sections of electron and photon capture at the copper and molybdenu 
levels were determined. The characteristics of photoconductivity relaxation in Si(W) 
samples were analyzed and explained, Samples of Si(Pt) were used to study the laws 
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ABSTRACT: Since normally the production of a photo emf calls for the presence of in- 
in the semiconductor, the authors show that under certain conditions it 
4s possible photo emf in a perfectly homogeneous semiconductor by illu- 
minating it w having different peotral compositions. In one 
region the energy © sufficient only for ionization of the shallow 
leyels, and in the other, ould be sufficient for formation of — 
\ electron-hole pairs. Occurrence fe) ntially due to an impurity- ot 
jonization gradient i ctral region of impurity 
absorption. The magnitud s shown that it is 
of the same order of magnitude as 
unger favorable conditions. Measurements 
beam of infrared light, confirmed the calculations. 
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TITLE: Thermally stimulated emf on the electron-hole junction 
SOURCE: Fizika tverdogo tela, v. 8, no. 10, 3990-3092 
TOPIC TAGS: pn junction, semiconductivity, junction diode, thermoelectricity 


ABSTRACT: Experiments are described in which thermally stimulated emf and current 


were measured in a shallow p-n junction {n which the p-region contained electron 

trapping levels in the form of local M centers. During illumination of the p-region 
or passage of a forward current, the injected electrons fill the M traps and remain 
in the bound state as long as the temperature is sufficiently low. When the tempera | 
ture is increased smoothly, the electrors leave the traps and drift into the n-region, 


creating a current which decreases as the traps empty. Measurements were performed | 


on, silicon diodes and photodiodes and germanium diodes. At nitrogen temperatures, & 
forward current was first passed through the samples for ten minutes, and then, 
while the back current was being applied, the samples were heated at 0.25°/sec. 
Energy level evaluations were performed by using the formula for the energy of the 
traps with respect to the conductivity dand. It is suggested that the procedure 
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